INTRoDuCTIoN

I
nfections associated with pathological biofilms are responsible for the vast majority of microbial infections in the body [1] . Therefore, it is important to develop antimicrobial materials with sufficient antimicrobial activity, no risk of microbial resistance, and easy to use in dynamic environments [2] .
Silver is a very stable metal that is also, indeed, an effective antimicrobial material, only inferior to gold, and provides various therapeutic agentes [3] . Thus, the use of silver nanoparticles (AgNPs) for infection control is a growing scientific field, displaying potent antifungal effects, probably through destruction of microorganism membrane, deserving investigations for different applications [4] .
The processes for obtaining AgNPs may be either physical, chemical or biological. Physical and chemical methods have some disadvantages due to the involvement of toxic substances and radiation.
Therefore, the biological methods concentrate most of the recent studies of the highly stable synthesis in critical aspects, such as types of organisms, genetical properties and enzyme activity [5] . In addition, this technique offers faster synthesis that leads to lower cost [6, 7] .
The biological technique is based on the synthesis of silver ions from microorganisms such as bacteria and fungi [8] . Recently, efficient antibacterial activity was observed in AgNPs synthesized from the fungus Fusarium acuminatum against resistant and highly pathogenic bacteria such as Staphylococcus aureus, Salmonella typhi, Staphylococcus epidermidis and Escherichia coli [6] .
In this context, Fusarium oxysporum is a fungus that adapts to different environments. It presents metal ions reduction enzymes such as nitrate reductase, hydrogenase, anthraquinone and naphthoquinone [9] [10] [11] .
In the dental field, eco-friendly AgNPs proved itself useful against Candida albicans [12] and showed antibacterial activity against Streptococcus mutans [13] . The death of microorganism occured with the penetration of silver into the cells, inducing the releasing of substances such as sulfur and cell lysis [7, 14] .
In this sense, it is known that 90% cases of denture stomatitis, disorder that causes mucosa inflammation and pain, mainly on the palate [15] and is caused by Candida albicans, which is an opportunistic pathogen and generally exists as a harmless commensal to humans [16] . Thus, controling such infections is of great interest in dentistry, especially in patients using full or partial dentures.
It is hoped that the AgNPs show antimicrobial action without affecting mechanical properties of the material. However, AgNPs added to a commercial composite resin affected the polymerization process and increased the leaching of resin componentes [17, 18] . Moreover, the inclusion of silver in acrylic resins led to material bending resistance decrease [19] .
This study aimed to analyze the microbiological response against C. albicans biofilm and the mechanical (roughness, microhardness and color) behavior of heat activated acrylic resin discs containing AgNPs obtained from Fusarium oxysporum. The null hypothesis was that the antimicrobial capacity and mechanical properties would not be different from the resin without AgNPs.
mATeRIAls AND meThoDs
50
discs were prepared using photopolymerizable resin (Filtek Z350, 3M ESPE) using metallic molds with holes of 5 mm diameter and 2 mm thickness. They were later included in silicone-filled muffle (VIPI SIL, Vipi). After silicone polymerization, the disks were removed.
There were surface suitable for the inclusion of heat-activated acrylic resin (Clássico, Clássico Ltda, São Paulo, SP). 16 disks were made of acrylic resin with no silver incorporation (Control, Ct), 17 discs with 0.539 mg of incorporated silver nanoparticles (Ag 1) and 17 discs with 1.1 mg of incorporated silver nanoparticles (Ag 2). After this inclusion the muffle was closed and submitted to slow polymerization process. A long cycle was performed at 74º for 9h.
The divestment of the specimens was performed 24 hours later. All the disks were analyzed and sanded with sandpaper (# 600) burrs and / or positive bubbles.
Silver nanoparticles were synthesized as previously described [8, 20] . Thus, 10 g of Fusarium oxysporum biomass (strain 551) was added to 100 mL of distilled water and incubated (28ºC/72 h). The culture was filtered, and the filtrate was mixed with AgNO 3 (1.0 mM; SigmaAldrich, USA) (28oC/28 h) [8] .
Mechanical analysis
Roughness
The surface roughness of the all specimens (Ra = Roughness average and Rz = Roughness depth) was analyzed through a roughness tester (Mitutoyo SJ 400, Kanagawa, Japan) then properly measured.
Microhardness
Microhardness testing was performed 24 h after roughness analysis using a digital microhardness tester (FM 700, Future Tech Corp., Equilam, Tokyo, Japan) with load of 50 g applied for 15 s. One indentation was performed on each disk.
Color Analysis
At the International Commission on Illumination CIE Lab: L*, a* and b*, the color analysis was performed on a single face of each resin disks in a spectrophotometer Easyshade (VITA Zahnfabrik, Bad Säckingen, Alemanha). The samples were positioned on a white background. The spectrophotometer light was directed to one of its faces and the result of L *, a * and b * was displayed on the device screen. The properties which determine material color (Lightness, Chroma and Hue) were then obtained. The lightness (L*) is the optical property responsible for the lightness or darkness of the color in a vertical variation. Whereas the chroma (a* and b*) is the saturation of a color, varying radially, causing representation of the colors extremes of high and low intensity and the hue is the degree to which a stimulus can be described as red, green, blue, and yellow [21] .
Atomic force microscopy analysis (AFM)
The analysis in atomic force microscopy was performed in a Veeco MultiMode V (Plainview, NY, EUA) with control station Nanoscope V.
Scanning Electron Microscopy analysis (FEG-SEM)
The analyses in SEM were performed in a Field Emission Scanning Electron Microscope (FEG-SEM, JEOL 7500F).
Microbiological analysis
Microorganisms and experimental groups
The C. albicans was the microorganism used in this study (ATCC 18804). 24 specimens of HAAR were used, 8 for the control group (no silver nanoparticles addition) 8 for the Ag1 group (0.539 mg de Ag) and 8 for the Ag2 group (1.1 mg de Ag).
Preparation of Candida Standardized Suspension
From the fungal strain, one standardized suspension of microorganisms containing 106 cells/mL was prepared. Initially, this strain was plated on Sabouraud dextrose agar (Difco, Detroit, EUA) and incubated at 37°C for 24 h. After this period, the micro-organism was grown in Sabouraud broth and incubated at 37°C for 16 h. The microorganism growth was centrifuged at 1300 Xg for 10 min, discarding the supernatant and the pellet was suspended in 10 mL of sterile saline solution (NaCl a 0,85%). The cell count was conducted by means of a spectrophotometer (AJX-1900, Micronal, Sao Paulo, Brazil) using a 530 nm wavelength.
Biofilm formation
For biofilm formation, the sterilized samples were placed into 24-well plates (Costar Corning, New York, USA) containing 2 mL of Brain Heart Infusion broth (Brain Heart Infusion-Difco, Detroit, USA) plus 5% sucrose with the aid of a sterile forceps. Each well of the plate containing a specimen and BHI broth was inoculated with 100 µL of of C. albicans. The plate was incubated under 75 rpm shaking (Quimis) at 37°C for five days. The microorganism was inoculated once and BHI broth plus 5% sucrose was changed every 24 h. After the incubation period, the samples were transferred to next-row wells containing 2 mL of sterile saline solution, the plates were submitted to orbital shaking for 5 min (Solab, Piracicaba, Brazil). The washing process was performed twice in order to remove cells which did not adhere to specimens.
Count CFU/mL
After 48 hours of C. albicans biofilm formation, the specimens were placed in a Falcon tube containing 10 mL of sterile saline solution and homogenized for 30 sec using ultrasonic homogenizer (Sonics Vibra Cell, São Paulo, Brazil) with 25% amplification with 50 W power for biofilm cells dispersion. Dilutions that followed were serially performed in saline solution and 0.1 mL dilution aliquots were plated with the aid of Drigalski handle, in duplicate, into Sabouraud Dextrose Agar plate (Difco, Detroit, USA). After an incubation period of 48 h at 37°C, the colony forming units (CFU) per specimen were counted and log-transformed for data analysis.
Statistical Analysis
The results of CFU/specimen counts were statistically analyzed through ANOVA one-factor and Tukey test, with 5% significance level, using GraphPad Prism program (La Jolla, CA, USA).
ResulTs
Mechanical results
The resin surface roughness analysis showed no statistically significant differences for both data RA (p = 0.8) and RZ (p = 0.7). As for microhardness, both groups and the Ag1 Ag2 groups showed lower values than the control group (p = 0.02).
With regard to color, Ag1 and Ag2 groups showed differences from control group. Analyzing L*, darkening of the silver in groups in the composition and lower degree of yellow color in the direction of the axis and b* axis in the lower red coloration a* were observed, where p = 0.0 for all.
During nanoscale analysis in AFM ( Figure  1) , it was observed that some protuberations were present in the groups containing nanoparticles, which were not seen in the control group.
Through SEM (Figure 2 ) image analysis, it was not possible to observe significant differences between the samples surfaces. It was only possible to detect silver particles above 25000x magnification.
The statistical analysis is presented in the Table 1 . 
Microbiological results
The CFU/mL data of in vitro-formed biofilm of C. albicans in the control group and the groups treated with silver nanoparticles were analyzed. Figure 3 and 4 shows the increase in CFU/mL of C. albicans when organized in biofilms for the control group and the groups added with silver nanoparticles resin. Regarding the formation of biofilm in the treated groups, we can see that there was significant reduction (p=0,01) compared to the control group showing the antimicrobial action of silver front fungal cells. There was no difference between the Ag1 and Ag2 groups, showing that the largest amount of silver in the Ag2 group did not influence antimicrobial action.
The percentage reduction in CFU/ mL for Ag1, Ag2 and control groups were calculated and shown in Figure 4 . AG1 group presented reduction of 74% of C. albicans biofilm and Ag2 group reduction percentage was 71%. 
DIsCussIoN
In this study, antimicrobial and mechanical properties of an acrylic resin with and without AgNPs was evaluated.
As for the mechanical properties, some studies presented that the addition of AgNPs had no effect in the resin strength [22] , and for this study, no differences were observed in surface roughness; however, a change was found in resin coloration, which may cause displeasing aesthetics.
The color issue may not be a problem if the use of AgNPS is considered for acrylic portion in contact with the palate mucosa where infection with C. albicans is often manifested in denturewearing patients. Previous studies have shown C. albicans detected in 78% of these patients, with high pathogenic episodes of stomatitis and oral candidiasis [23] .
The resin mechanical properties are probably related to its lower conversion degree [24, 25] , which can proportionally decrease with nanoparticles amount increase. However, in this study, the lowest hardness values were observed in the group with the lowest amount of AgNPs.
As for the antimicrobial properties, significant reduction in C. albicans biofilm was found in groups with silver nanoparticles. However, there was no difference between the Ag1 and Ag2 groups, showing that the largest amount of silver did not impact antimicrobial action significantly.
These results are in agreement with previous study results that shown potent antifungal effects of AgNPs coating of denture base material -morphology deformation and inhibition of Candida adherence [26] .
The material became darker when the amount of accumulated nanoparticles was higher. Therefore, the antimicrobial activity using even lower amounts of AgNPs than the used in Ag1 group must be evaluated in order to determine the proportion which least affects the original color of the material, aiming for aesthetic results.
The AFM and SEM images showed no nanoparticles agglomeration, Figure 1 suggests maybe clustering is occurring, but Figure 2 shows only one particle and no conclusion can be drawn. Indeed, particles detection at high magnifications also demonstrates that clustering has not occurred. It seems that agglomerations are observable only at higher concentrations of silver in the polymeric material, as noted in a previous study [27] .
The specific mechanism of AgNPs in C. albicans is still controversial; however, the ultrastructural analysis showed no severe cell wall damage to AgNPs surrounding C. albicans cells or inside the cell cytoplasm with deposition of ions [28] . This could lead to a slow delivery of Ag ions increasing the time duration the NPs effects. Therefore, further studies are needed to understand the after-ageing behavior (mechanical and antimicrobial) of the acrylic resin containing AgNPs obtained from F. oxysporum.
Therefore, this is one limitation of the present study and further inverstigation is needed to understand the after-ageing behavior (mechanical and antimicrobial) of the acrylic resin containing AgNPs obtained from F. oxysporum.
From this, the null hypothesis was rejected, because were found mechanical and microbiological differences in experimental groups in comparison to control group. Besides that, this sudy represent a further attempt to apply AgNPs in denture base materials because, taken together, these mechanical and microbiological data reveal possibilities to improve this material.
CoNClusIoN
The groups with AgNPs incorporation, Ag1 and Ag2, were effective to reduce C. albicans activity, with a slight change in color and hardness in comparison to the control group, being clinical effective therefore, in regions such as the dental prostheses palate, which have lesser aesthetic appeal.
